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Description 

Technical Field 

[0001] The present Invention relates to a fluorine gas 5 
generating apparatus, and more particularly, to a fluo- 
rine gas generating apparatus for producing high purity 
fluorine gas extrennely low in impurity content for the 
manufacturing process of semiconductors and the like, 
in particular. 

Background Art 

[0002] Fluorine gas has been used liitherto as an es- 
sential gas in the semiconductor manufacturing field, for 
example. While the fluorine gas may be used alone, the 
demand for nitrogen trifluoride gas (hereinafter it is 
called NF3 gas) synthetically prepared based on the flu- 
orine gas, for the use as a semiconductor cleaning gas 
or a dry etching gas has been rapidly increased. Neon 
fluorine gas (hereinafter it is called NeF gas), Argon flu- 
oride gas (hereinafter it is called ArF gas), Krypton flu- 
oride gas (hereinafter it is called KrF gas) and the like 
arc excimcr laser oscillation gases used for patterning 
of a semiconductor integrated circuit. Mixed gas of noble 
gas and fluorine gas is very often used as raw material 
of the excimer laser oscillation gas. 
[O0O3] The fluorine gas and the NF3 gas used for 
manufacturing semiconductors and the like are required 
to be high purity gas containing minute amounts of im- 
purities. In the manufacturing site of semiconductorand 
the like, it is a common usage that a necessary amount 
of gas is taken out of a gas container filled with the flu- 
orine gas. Accordingly, it is very important to pay atten- 
tion to the place to keep the gas cylinder, the assurance 
of the safety of gas and the preservation of the purity of 
gas. Further as the demand for the NF3 gas has been 
rapidly increased recently, the problem occurs with the 
supply-side, thus arising the problem that some stock 
must be backlogged. When considering these prob- 
lems, it is preferable to place an on-demand or on-site 
fluorine gas generating apparatus in the location to use 
it, rather than to treat a high-pressure fluorine gas. 
[0004] The fluorine gas is usually produced in an elec- 
trolytic cell as shown in FIG. 9. Ni, monel, carbon steel 
and the like are usually used as material of an electro- 
lytic cell body 201 . Further, a base plate 212 formed of 
polytetrafluoroethylene and the like is attached to the 
bottom of the cell, to prevent hydrogen gas generated 
and fluorine gas from being mixed with each other. 
Mixed molten-salt of potassium fluoride-hydrogen fluo- 
ride series (hereinafter it is called KF-HF systems) is 
filled in the electrolytic cell body 201 in the form of an 
electrolytic bath 202. The electrolytic cell body is sepa- 
rated into an anode chamber 21 0 and a cathode cham- 
ber 211 by a skirt 209 formed of monel and the like. By 
the application of a voltage between a carbon or nickel 
(hereinafter it is called Ni) anode 203 contained in the 



anode chamber 21 0 and a Ni cathode 204 contained in 
the cathode chamber 211 , the fluorine gas is produced 
electrolytically. The fluorine gas produced is discharged 
from a generation port 208 and the hydrogen gas pro- 
duced at the cathode side is discharged from a hydro- 
gen gas discharge port 207. However, since cartDon 
tetrafluoride gas (hereinafter it is called CF4 gas) pro- 
duced and hydrogen fluoride gas (hereinafter it is called 
HF gas) evaporated from the electrolytic bath and the 
like during the electrolysis come to be mixed in the flu- 
orine gas, it is hard to obtain the fluorine gas of high 
purity. 

[0005] Therefore, It is the object to the present inven- 
tion to provide a fluorine gas generating apparatus that 
can produce high purity fluorine gas stably. 

Disclosure of the Invention 

[0006] To solve the problems mentioned above, the 
present invention provides a fluorine gas generating ap- 
paratus for generating fluorine gas of high purity by elec- 
trolysis of a mixed motten-satt comprising hydrogen flu- 
oride, the fluorine gas generating apparatus comprising 
an electrolytic cell which is separated into an anode 
chamber and a cathode chamber by a partition wall, and 
pressure keeping means for supplying gas to the anode 
chamber and the cathode chamber, respectively, to 
keep an interior of the anode chamber and an interior of 
the cathode chamber at a certain pressure. 
[0007] The pressure keeping means permits the an- 
ode chamber and the cathode chamber to be always 
kept at a constant pressure. This permits quick realiza- 
tion of a prescribed concentration and rate of flow of flu- 
orine by introduction of a noble gas of a carrier gas to 
the fluorine gas. Particularly, this can put the gas in the 
usable condition quickly from the start up of electrolytic 
cell. Also, since the interior of the anode chamber and 
the interior of the cathode chamber are kept at a certain 
pressure, the prevention of the air and the like from com- 
ing into the chambers from outside can be provided, and 
as such can permit the fluorine gas of high purity to be 
generated stably. It should be noted that the phrase of 
"being kept at a certain pressure" as referred to in the 
present invention Is Intended to include the condition of 
no differential pressure between the internal environ- 
ment and the external environment (e.g. the use under 
atmospheric pressure). 

[0008] The present invention provides a fluorine gas 
generating apparatus for generating fluorine gas of high 
purity by electrolysis of a mixed molten-salt comprising 
hydrogen fluoride, the fluorine gas generating appara- 
tus comprising an electrolytic cell which is separated in- 
to an anode chamber and a cathode chamber by a par- 
tition wall, pressure keeping means for supplying gas to 
the anode chamber and the cathode chamber, respec- 
tively, to keep an interior of the anode chamber and an 
interior of the cathode chamber at a certain pressure, a 
cabinet in which the electrolytic cell is contained and 
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which can provide a controlled atmosphere, and a filter, 
contained in the cabinet, for filtering out particles in the 
fluorine gas generated from the electrolytic cell. 
[00d9] This can provide controlled atmosphere 
around the electrolytic cell, and as such can surely pre- 
vent carbon dioxide gas and the like from coming into 
the electrolytic cell. As a result of this, the generation of 
CF4 gas produced by reaction of the fluorine gas with 
the carbon dioxide gas can be suppressed to obtain the 
fluorine gas of high purity. Also, even if leakage of the 
fluorine gas from the electrolytic cell occurs, there is no 
fear of the fluorine gas being leaked outside. In addition, 
the particles produced by the entrainment from the elec- 
trolytic bath during the electrolysis can be surely filtered 
out by the filter. It is to be noted that the filter preferably 
has corrosion resistance against the fluorine gas. For 
example, sintered monel, sintered Hastelloy and the like 
can be used for the filter. The cabinet for containing the 
electrolytic cell preferably has corrosion resistance 
against the fluorine gas. The cabinet is preferably 
fomned, for example, of metal such as carbon steel or 
polyvinyl chloride. 

[0010] In the fluorine gas generating apparatus of the 
present invention, at least one of the anode chamber 
and the cathode chamber of the electrolytic cell is pro- 
vided with liquid level detecting means for detecting an 
upper level and a lower level of liquid level fluctuation 
of the molten -salt. 

[0011] This pemiits the liquid level of the electrolytic 
bath contained in the electrolytic cell to be grasped even 
when the interior of the electrolytic cell cannot be visu- 
ally inspected. This permits the electrolytic bath to be 
constantly kept at a constant liquid level, and as such 
can prevent possible back flow of the electrolytic bath. 
By association of the liquid level detecting means and 
the power source control means for the electrodes, the 
electrolysis can be halted whenever the abnonnal liquid 
level of the electrolytic bath is detected. 
[0012] in the fluorine gas generating apparatus of the 
present invention, the pressure keeping means is pro- 
vided with a solenoid valve that is opened and closed 
based on detection results of the liquid level detecting 
mean, so as to supply or discharge the gas to and from 
the interior of the anode chamber and the interior of the 
cathode chamber. 

[0013] This permits the automatic supply ordischarge 
of the gas to and from the interior of the anode chamber 
and/or the interior of the cathode chamber based on the 
detection results of the liquid level detecting means to 
detect the liquid level of the electrolytic bath. This ena- 
bles the liquid level of the electrolytic bath to be always 
kept at a constant level, and as such can permit the sta- 
ble generation of the fluorine gas. 
[0014] In the fluorine gas generating apparatus of the 
present invention, the mixed molten-salt comprising the 
hydrogen fluoride is KF-HF systems and there is provid- 
ed temperature control means for adjusting temperature 
of the mixed molten-salt comprising the hydrogen fluo- 



ride. 

[0015] This pennits the temperature of the mixed mol- 
ten-salt in the electrolytic cell during the electrolysis to 
be always kept at a constant temperature, and as such 

5 can permit the fluorine gas to be generated efficiently. 
[0016] In the fluorine gas generating apparatus of the 
present invention, the gas supplied by the pressure 
keeping means is a noble gas. 
[0017] When the generated gas Is diluted, for exam- 

10 pie, with neon gas (Ne gas), argon gas (Ar gas), krypton 
gas (Kr gas) and the like, that diluted gas can be used 
as a mixed gas of any selective mixture ratio, and as 
such can allow the mixed gas to be used as an excimer 
laser oscillation gas used for patteming of the semicon- 

15 ductor integrated circuits. 

[0018] In the fluorine gas generating apparatus of the 
present invention, an anode and a cathode disposed in 
the anode chamber and the cathode chamber respec- 
tively are formed of nickel. 

20 [0019] The use of Ni for the anode can prevent drop 
of the carbon grains caused by the electrolysis using the 
cartDon electrodes. This can prevent the mixture of CF4 
by reaction with carbon and fluorine gas, and as such 
can pemriit the production of high purity fluorine gas. In . 

25 addition, this can also prevent the occurrence of the an- 
ode effect that is a polarization phenomenon that is typ- 
ical of the carbon electrode. Further, the use of Ni for 
the cathode can permit the surface energy to be reduced 
by hydride and oxide generated on the surface of Ni, as 

30 compared with the iron cathode. This permits the bub- 
bles of the hydrogen gas generated to become so large 
that the mixture with the fluorine gas can be prevented. 
Also, this can permit the distance between the anode 
and the cathode to be reduced, and as such can permit 

35 the electrolytic cell to be reduced in size. 

[0020] In the fluorine gas generating apparatus of the 
present invention, the electrolytic cell is fomned of metal. 
[0021] When the metal having high strength and high 
airtlghtness, such as NI, monel, pure iron, and stainless 

40 steel, is used for the electrolytic cell body and the cou- 
pling, leakage of gas from the electrolytic cell can be 
prevented. For example, even when the interior of the 
electrolytic cell is in a helium gas atmosphere under a 
pressure higher than the atmospheric pressure by 
45 0.1 MPa, leakage of helium gas can be prevented. 

[0022] In the fluorine gas generating apparatus of the 
present invention, the electrolytic cell is cylindrical in 
shape. 

[0023] This permits the electrolytic cell to be heated 
50 uniformly from around the circumference by the temper- 
ature control means. Also, since the electrodes are dis- 
posed concentrically, the current distribution can be 
made uniform over the electrolytic cell, and as such can 
permit the stable electrolysis. 
55 [0024] In the fluorine gas generating apparatus of the 
present invention, the electrolytic cell is fomned of metal 
and serves as a cathode. 

[0025] Since the electrolytic cell can serve as the 
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cathode, there is no need to additionaity provide the 
cathode and, as a result of this, the electrolytic cell can 
be reduced in size. This enables the fluorine gas gen- 
erating apparatus to be set at any selective location. As 
a result of this, the fluorine gas generating apparatus is 5 
located at any necessary location on a production line 
in the semiconductor nnanufacturing process, nannely, is 
set on an on-site basis. 

[0026] in the fluorine gas generating apparatus of the 
present invention , the electrolytic cell is fomned of metal; io 
fonned in a cylindrical shape; and serves as the cath- 
ode. 

[0027] This pennits the electrolytic cell to be heated 
uniformly from around the circumference by the temper- 
ature control means. Also, since the electrodes are dis- is 
posed concentrically, the current distribution can be 
made unlfomi over the electrolytic cell, and as such can 
permit the stable electrolysis. Further, since the electro- 
lytic cell can serve as the cathode, there is no need to 
additionally provide the cathode and, as a result of this, 
the electrolytic cell can be reduced in size. 
[0028] in the fluorine gas generating apparatus of the 
present invention, the electrolytic cell is formed of a resin 
having corrosion resistance against the fluorine gas. 
[0029] Since the electrolytic cell Is formed of the resin 25 
having corrosion resistance against the fluorine gas, the 
electrolytic cell comes to be hard to be corroded by the 
fluorine gas generated. Particularly, when a little amount 
of fluorine gas is generated, the electrolytic cell is hardly 
corroded. It is to be noted here that the structural mate- 30 
rials that may be used for the electrolytic cell include 
fluoropolymer having corrosion resistance against the 
fluorine gas, such as polytetrafluoroethylene resin, and 
tetrafiuoroethylene/perfluoroalkyi vinyl ether copolymer, 
trimethylpentene resin and equivalent. 35 
[0030] In the fluorine gas generating apparatus of the 
present Invention, the electrolytic cell is formed of a resin 
having corrosion resistance against the fluorine gas and 
is formed in a rectangular cylindrical shape. 
[0031] This can provide Improved mechanical 40 
strength even when the electrolytic cell is formed of res- 
in. 

[0032] in the fluorine gas generating apparatus of the 
present invention , the electrolytic cell is formed of a resin 
having corrosion resistance against the fluorine gas and 
is fonned in a rectangular cylindrical shape, and at least 
one side surface of the electrolytic cell is threadedly en- 
gaged with the electrolytic ceil so as to be freely opened 
and closed. 

[0033] This can permit the facilitation of replacement 50 
of the electrodes, and the mixed molten-salt in the elec- 
trode and the electrolytic cell and of the electrodes. The 
threaded engagement of one side surface can provide 
improved airtightness and improved strength of the 
electrolytic cell. 55 
[0034] In the fluorine gas generating apparatus of the 
present invention, the electrolytic cell is formed of a resin 
having corrosion resistance against the fluorine gas and 
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is formed in a rectangular cylindrical shape, and at least 
one side surface of the electrolytic cell is formed of a 
transparent resin and the remaining side surfaces are 
formed of fluoropolymer. 

[0035] This permits the visual inspection of the interior 
of the electrolytic cell during the electrolysis, as such 
can permit the visual inspection of an amount of sludge 
generated from the electrodes during the electrolysis 
even when Ni is used forthe electrodes in the electrolytic 
cell. Also, this pennits the visual inspection of the liquid 
level of the electrolytic bath during the electrolysis, as 
such can permit the control of the liquid level via the liq- 
uid level detecting means and the reliable grasping of 
the information about the liquid level. 
[0036] In the fluorine gas generating apparatus of the 
present invention, there is provided a gas line in which 
the gas passing through the filter is pressured or de- 
pressured, and there are provided a pressurization ap- 
paratus or a depressurization apparatus and storage 
means in the gas line. 

[0037] This enables the fluorine gas to be properly 
regulated to a predetemnined pressure and also can pre- 
vent the liquid level fluctuation of the electrolytic bath 
caused by the pressure fluctuation of a reaction system 
via the pressure regulation valves, and as such can al- 
low a required amount of fluorine gas to be supplied sta- 
bly. 

Brief Description of the Drawings 
[0038] 

FIG. 1 is a schematic view of a fluorine gas gener- 
ating apparatus of the present invention. FIG. 2 is 
an illustration for explaining the relation between 
operation of pressure i<eeping means placed in an 
electrolytic cell and liquid level of an electrolytic bath 
of the electrolytic cell in an example of the embod- 
iment of the fluorine gas generating apparatus ac- 
cording to the present invention. FIG. 3 is an illus- 
tration showing the state that a liquid level 3A of the 
electrolytic cell falls and a liquid level SB of the elec- 
trolytic cell rises; the abnormal fall and rise of liquid 
level is detected by a level probe 8 or 9; and sole- 
noid valves 51 , 52, 53, 54 are closed. FIG. 4 Is an 
illustration showing the state that following the state 
of FIG. 3, a solenoid valve 57 to discharge the gas 
of the anode chamber and a solenoid valve 56 to 
introduce the gas into the cathode chamber are 
opened to eliminate the abnormal liquid level. FIG. 
5 is an illustration showing the state that the liquid 
level 3A rises and the liquid level 3B falls; the ab- 
normal liquid levels are detected by the level probe 
8 or 9; and the solenoid valves 61 , 52, 53, 54 are 
closed. FIG. 6 is an illustration showing the state 
that following the state of FIG. 5, a solenoid valve 
55 to introduce the gas into the anode chamber and 
a solenoid valve 58 to discharge the gas of the cath- 
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ode chamber are opened to eliminate the abnormal 
liquid level. FIG. 7 Is a schematic view showing an- 
other fluorine gas generating apparatus of the 
■ present Invention, FIG. 8 is a perspective view 
showing an example of a configuration of a heater 
used in the fluorine gas generating apparatus ac- 
cording to the embodiment shown in FIG. 7. FIG. 9 
is a schematic view of a conventional fluorine gas 
generating apparatus. 

Best Mode for Carrying out the Invention 

[0039] In the following, an example of certain pre- 
ferred embodiments of the present Invention will be de- 
scribed with reference to the accompanying drawings. 
[0040] In FIG. 1, 1 denotes an atmosphere controlla- 
ble cabinet: 2 denotes an electrolytic cell, 3 denotes an 
electrolytic bath comprising mixed molten salt of KF-HF 
systems, 4 denotes a Ni anode, 5 denotes an anode 
chamber, 7 denotes a cathode chamber, 8 denotes a 
level probe that is liquid level detecting means for de- 
tecting an abnormal liquid level of the anode chamber 
5 caused by fluctuation of pressure, 9 denotes a level 
probe that is liquid level detecting means for detecting 
an abnormal liquid level of the cathode chamber 7 
caused by fluctuation of pressure, 10 denotes temper- 
ature detecting means of the electrolytic bath, 20 de- 
notes a cylinder that controls the atmosphere in the cab- 
inet 1,21 denotes a blank towerfor storing the hydrogen 
gas generated from the cathode for a while, 22 denotes 
a HF absorption tower filled with NaFand the like to elim- 
inate HF from the hydrogen gas, 23 denotes a blank tow- 
er for storing the fluorine gas generated from the anode 
for a while, 24 denotes a HF absorption tower filled with 
NaF and the like to eliminate HF from the fluorine gas, 
and 25 denotes a filter tower having a filter comprising 
sintered monel, sintered Hastelloy and the like for filter- 
ing out particles contained in the fluorine gas. The cab- 
inet 1 is provided with gas lines 31 , 40 to pressurize or 
depressurizethegas passing through the filter tower 25. 
[0041] The electrolytic cell 2 is fonmed of metal, such 
as Ni, monel, pure Iron, and stainless steel, and is inte- 
grally formed in a cylindrical shape. The electrolytic cell 
2 is separated into the anode chamber 5 and the cath- 
ode chamber 7 by a partition wall 28 comprising Ni or 
monel. The anode 4 comprising NI is disposed In the 
anode chamber 5. The electrolyte cell 2 itself forms the 
cathode 6. For this, a bottom plate 65 comprising poly- 
tetraplioroethylene and the like is attached to the elec- 
trolytic cell, in order to prevent the hydrogen gas gener- 
ated from the cathode and the fluorine gas generated 
from the anode from being mixed with each other. Pref- 
erably, the distance between the anode 4 and the parti- 
tion wall 28 and the distance between the partition wall 
28 and a side wall of the electrolytic ceil 2 is substantially 
equal to each other. This can suppress dissolution of the 
partition wall 28 caused by multipolarity, and as such 
can provide the effect of extending the life of the elec- 



trolytic cell 2. The anode 4 and the electrolytic cell 2 
serving as the cathode 6 are connected to the power 
source13, so as to be energized. An upper lid 11 of the 
electrolytic cell 2 is provided with inlet and outlet ports 
5 1 5, 1 7 for purge gas from a pressuring cylinder 1 8 which 
is pressure keeping means for pressuring the interior of 
the anode chamber 5 and the interior of the cathode 
chamber 7, a generation port 1 6 for the fluorine gas gen- 
erated from the anode chamber 5, and a generation port 
10 14 for the hydrogen gas generated from the cathode 
chamber 7. The electrolytic cell 2 is provided with tem- 
perature control means for heating the interior of the 
electrolytic cell 2. The temperature control means com- 
prises a heater 1 2 provided around the body of the elec- 
ts trolytic ceil 2 so as to be in close contact with it, a tem- 
perature control (not shown) to make a general PID con- 
trol which is connected to the heater 12 and is set out- 
side of the cabinet 1 , and temperature detecting means 
10, such as a thermocouple, disposed in either of the 
20 anode chamber 5 and the cathode chamber 7. The tem- 
perature control means serves to make a temperature 
control of the interior of the electrolytic cell 2. Heat insu- 
lating material is provided around the heater 12, though 
not shown. The heater 1 2 may take any form, including 
25 a ribbon type one and a heating element, and no partic- 
ular limitation is imposed on the form of the heater 12. 
Preferably, the heater 12 has the form to surround the 
circumference of the electrolytic cell 2. 
[0042] Ni is used for the anode 4. The use of Ni for 
30 the anode 4 can prevent the CF4 gas from being mixed 
in the fluorine gas generated and also can produce no 
anode effect. In addition, since the electrolytic cell 2 is 
formed of metal, such as Ni, monel, pure iron and stain- 
less steel, the electrolytic cell 2 can serve as the cathode 
35 6. As a result of this, there is no need to additionally 
provide the cathode, thus providing a reduced size of 
the body of the electrolytic cell 2. 
[0043] The anode chamber 5 and the cathode cham- 
ber 7 are provided with a pair of long-and-short level 
40 probes 8, 9, respectively, to detect the liquid level of the 
electrolytic bath 3. The level probes 8, 9 are connected 
with a power controller not shown and can serve to halt 
electrolysis at an upper permissible fluctuation limit of 
liquid level or a lower permissible fluctuation limit of liq- 
45 uid level. Though the pair of long-and-short level probes 
8, 9 are preferably provided in both of the anode cham- 
ber 5 and the cathode chamber 7, they may be provide 
in either of them. 

[0044] The pressure keeping means 50 to keep the 
50 pressure of the interior of the anode chamber 5 and the 
cathode chamber 7 at a level more than a certain level 
comprises solenoid valves 51 , 52, 53, 54, 55, 56, 57, 58 
which are opened and closed in accordance with the de- 
tection results obtained from the level probes 8, 9, so as 
55 to feed the gas into the electrolytic cell 2 or discharge 
the gas therefrom, manual valves 60, 61 , 62 to open and 
close gas lines of the pressure keeping means 50, and 
flow meters 63, 64 to preset a flow rate of the gas pass- 
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ing through the gas lines at a predetermined flow rate. 
The pressure keeping means allows the pressure of the 
interior of the anode chamber 5 and the pressure of the 
Interior of the cathode chamber 7 to be always kept at 
a higher level than an atmosphere pressure by not less 
than 0.01 MPa As a result of this, the fluorine gas and 
the hydrogen gas produced electrolytically are dis- 
charged from their respective generation ports 1 6, 14 in 
such a fashion as to be extruded from the interior of the 
electrolytic cell 2. Thus, since the pressure keeping 
means keeps the pressure in the interior of the anode 5 
and the pressure in the Interior of the cathode 7 above 
a certain pressure level, the'gases produced by elec- 
trolysis are allowed to be discharged from the electro- 
lytic cell 2. In addition, since the pressure keeping 
means allows the pressure of the interior of the electro- 
lytic cell 2 to be kept at a level somewhat higher than 
the atmosphere pressure, the ambient air Is prevented 
from coming into the electrolytic cell 2. 
[0045] No particular limitation is imposed on the gas 
filled in the pressuring cylinder 18, as long as it Is an 
inert gas. For example, when at least one noble gas out 
of Ar gas, Ne gas, Kr gas, Xe gas and the like is used, 
a mixed gas of the fluorine gas and the at least one noble 
gas can be obtained easily in any selective mixture ratio. 
As a result of this, the mixed gas thus obtained can be 
used as e.g. an excimer laser oscillation source used 
for patterning of the semiconductor integrated circuits in 
the semiconductor manufacturing field. When the fluo- 
rine gas generating apparatus according to the present 
invention is located on a production line in the semicon- 
ductor manufacturing field, the fluorine gas can be prop- 
erly supplied as needed on an on-site basis. 
[0046] The blank towers 2 1 , 23 serve to remove drop- 
lets from the electrolytic bath 3 contained in the fluorine 
gas and the hydrogen gas which are discharged from 
the anode chamber 5 and the cathode chamber 7, re- 
spectively, during the electrolysis. Accordingly, the 
blank towers are preferably formed of material having 
corrosion resistance against the fluorine gas and HF. 
For example, stainless steel, monel Ni, fluoropoiymers 
and the like can be cited. 

[0047] The absorption towers 22, 24 contain NaF 
therein and serve to eliminate HF contained in the dis- 
charged fluorine gas or hydrogen gas therefrom. The 
absorption towers 22, 24 are preferably formed of ma- 
terial having corrosion resistance against the fluorine 
gas and HF, as is the case with the blank towers 21 , 23. 
For example, stainless steel, monel. Ni, fluoropoiymers 
and the like can be cited. 

[0048] The filter tower 25 is located downstream from 
the absorption tower 24 and has in its interior a filter 
comprising sintered monel or sintered Hastelloy. When 
the fluorine gas passes through the filter, particles of the 
electrolytic bath 3 and complex of Ni and iron contained 
in the fluorine gas discharged from the anode chamber 
5 can be filtered out. 

[0049] The cabinet 1 containing these equipments 



and providing a controlled atmosphere is preferably 
formed of material that does not react with the fluorine 
gas. For example, metals such as stainless steel and 
resins such as vinyl chloride resin can be used. The cab- 

5 inet 1 has an atmosphere controlling cylinder 20 and an 
exhaust opening 1 9, so as to provide a controlled at- 
mosphere of the interior of the cabinet 1 . This can pro- 
vide a controlled atmosphere in the interior of the cabi- 
net 1 , and as such can produce the high purity fluorine 

10 gas. The cabinet 1 may be housed in a gas cylinder cab- 
inet that is used in the semiconductor manufacturing fa- 
cility and the like facility. 

[0050] The pressurization line 40 connected with the 
cabinet 1 is provided with a pressure-regulation valve 

IS 41 , a pressurizer 42, a buffer tank 44 that is a storage 
means, a pressure gauge 45, a flow meter with flow reg- 
ulation function (hereinafter it Is called the mass flow) 
47, and a vacuum pump 48. The gas generated from 
the electrolytic cell 2 is pressurized by the pressurizer 

20 42. The pressure-regulation valve 41 prevents the inte- 
rior of the electrolytic cell 2 from being depressurized. 
The buffer tank 44 controls introduction and discharge 
of the gas thereinto and therefrom is controlled, together 
with the pressure gauge 45, valves 43, 46, and the mass 

25 flow 47. The fluorine gas is taken out from an outlet 49 
when used. 

[0051] The depressurization line 31 Is provided with 

a pressure regulation valve 32, a buffer tank 35 that 
serves as storage means under reduced pressure, a 

30 pressure gauge 34, a vacuum pump 37 and others. The 
pressure of the buffer tank 35 is controlled by the vacu- 
um pump 37 and is governed by use of the pressure 
gauge 34 and the valve 33 or 36, so as to control the 
introduction and discharge of the fluorine gas. The pres- 

35 sure regulation valve 32 prevents the interior of the elec- 
trolytic cell 2 from being depressurized. The fluorine gas 
is taken out from an outlet 38 when used. As mentioned 
above, according to the present invention, as a result of 
there being provided the storage means to store the f lu- 

40 orine gas generated by electrolysis, a desired amount 
of fluorine gas can be supplied therefrom as needed. 
This can provide the on-line fluorine gas generating ap- 
paratus that can be connected to the production line of 
the semiconductor manufacturing equipment. The de- 

45 pressurization line 31 or the pressurization line 40 may 
be property configured and arranged, and the configu- 
ration of the fluorine gas generating apparatus accord- 
ing to the present invention is not limited to the illustrated 
one. The line components, such as the pressurizer 42, 

50 the pressure regulation valves 41 , 32 and the buffer 
tanks 35, 44, are preferably formed of material having 
corrosion resistance against the fluorine gas. The pres- 
surizer 42 and the pressure regulation valves 41 , 32 are 
preferably formed of Ni, and the buffer tanks 35, 44 and 

55 the lines are preferably formed of stainless steel. This 
can prevent the line components from being corroded 
by the fluorine gas. 

[0052] Next, reference will be made to the state of the 
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interior of the electrolytic cell 2 at the generation of the 
fluorine gas and to the operation of the pressure keeping 
means 50 with reference to FIGS. 2 to 6. It is to be noted 
that in the following drawing figures, the blackened valve 
shows the state in which the valve is opened and the 
gas is flowing, and the void valve shows the state in 
which the valve is closed and the gas is not flowing. 
[0053] FIG. 2 is an illustration showing the state of the 
electrolytic bath 3 in the electrolytic cell 2 and the open/ 
close state of the valves of the pressure keeping means 
50 when the electrolysis is normally proceeding. In FIG. 
2, the blackened solenoid valves 51, 52, 53, 54, the 
blackened manual valves 60, 61 . 62 and the blackened 
flow meters 63, 64 are all in the opened state and the 
gas is flowing on the line. With the flow rate of the gas 
adjusted by the flow meters 63, 64, the gas flows on the 
gas lines, while it is accompanied by a certain amount 
of carrier gas. As shown in FIG. 2, when the electrolysis 
is normally proceeding, the anode chamber 5 in the 
electrolytic cell 2 and the electrolytic bath 3 of the cath- 
ode chamber 7 are on a level with each other. 
[0054] When the anode chamber 5 is increased in 
pressure or the cathode chamber? is decreased in pres- 
sure in the middle of electrolysis by the fluorine gas line 
being clogged, for example, resulting from accumulation 
of droplets of the electrolytic bath 3 and the like, so that 
the liquid level 3A of the electrolytic bath in the anode 
chamber 5 is lower than the liquid level 3B of the elec- 
trolytic bath in the cathode chamber 7, the abnomrial liq- 
uid levels 3A, 3B are detected by the level probes 8. 9 
provided in the anode chamber 5 and the cathode cham- 
ber 7, respectively. 

[0055] Then, under control of the signals from the lev- 
el probe 8 or 9, the solenoid valves 51 , 52, 53, 54 are 
closed by control means (not shown) for controlling the 
solenoid valves 51 , 52, 53, 54, 55, 56, 57, 58, as shown 
in FIG. 3, and thereby the gas flows are stopped. In par- 
allel with this, under control of the signals from the con- 
trol means, the power source 13 of the electrolysis Is 
halted and thereby the electrolysis is halted. 
[0056] When the electrolysis is halted, the solenoid 
valve 57 at the outlet side Is opened for a short time, so 
that the fluorine gas in the interior of the anode chamber 
5 Is discharged from the fluorine gas generation port 1 6 
provided in the upper lid 11 of the electrolytic cell 2. In 
parallel with this, the solenoid valve 56 is also opened 
for a short time, so that purge gas is Introduced into the 
cathode chamber 7 through the hydrogen gas genera- 
tion port 14. This state is shown in FIG. 4. After this op- 
eration brings the liquid level of the electrolytic bath in 
the anode chamber 5 and the liquid level of the electro- 
lytic bath in the cathode chamber 7 back to the equal 
level, the solenoid valves 56, 57 are closed and the so- 
lenoid valves 51, 52, 53, 54 are opened (See FIG. 2) 
and thereby the electrolysis is restarted. 
[0057] When the cathode chamber 7 is increased in 
pressure, or the anode chamber 5 is decreased in pres- 
sure, in the middle of electrolysis by the hydrogen gas 



line being clogged resulting from accumulation of drop- 
lets of the electrolytic bath 3 and the like, so that the 
anode chamber 5 is higher in the liquid level of the elec- 
trolytic bath 3 than the cathode chamber 7, the abnomnal 
5 liquid levels 3A, 3B of the electrolytic bath are detected 
by the level probes 8, 9. 

[0058] Then, under control of the signals from the lev- 
el probe 8 or 9, the solenoid valves 51 , 52, 53. 54 are 
closed, as shown in FIG. 5, and thereby the gas flows 
10 through the gas lines are stopped. In parallel with this, 
under control of the signals from the control means, the 
power source 1 3 of the electrolysis is halted and thereby 
the electrolysis is hatted. 

[0059] Sequentially, as shown in FIG. 6, the solenoid 
15 valve 58 Is opened for a short time, so that the hydrogen 
gas in the interior of the cathode chamber 7 is dis- 
charged from the hydrogen gas generation port 14 pro- 
vided in the upper lid 11 of the electrolytic cell 2, In par- 
allel with this, the solenoid valve 55 is also opened for 
20 a short time, so that purge gas is introduced into the 
anode chamber 5 through the fluorine gas generation 
port 16. After this operation brings the liquid level of the 
anode chamber 5 and the liquid level of the cathode 
chamber 7 back to the equal level, the solenoid valves 
25 55, 58 are closed and the solenoid valves 51 , 62, 53, 54 
are opened (See FIG. 2) and thereby the electrolysis is 
restarted. 

[0060] As mentioned above, the solenoid valves 51 , 
52, 53, 54, 56, 56, 57, 68 are properly opened and 

30 closed under control of the signals of the liquid level de- 
tection signals from the level probes 8, 9 provided in the 
anode chamber 5 and the cathode chamber 7, so as to 
make such a control that the liquid level of the electro- 
lytic bath 3 can always be within a certain range between 

35 the upper limit and the lower limit of the level probes 8j 
9. This can provide a stable electrolysis and thus a sta- 
ble supply of the fluorine gas. 

[0061 1 Next, reference will be made to the way of pro- 
ducing the fluorine gas by use of the fluorine gas gen- 

40 erating apparatus according to this embodiment. 

[0062] First, a metal such as a stainless steel is 
worked into a cylindrical shape as shown in FIG. 1 to 
form the electrolytic cell 2. The gas generation ports 14, 
1 6, the purge gas inlet and outlet ports 15,17 and a HF 

45 feed port 26 are formed in the upper lid 11 . The upper 
lid 1 1 is provided, at a center portion thereof on the elec- 
trolytic cell 2 side, with the parllllon wall 28 to separate 
the interior of the electrolytic cell 2 into the anode cham- 
ber 5 and the cathode chamber 7. The partition wall 28 

50 may be fomned to be integral with the upper lid 1 1 or may 
alternatively be attached thereto by welding or equiva- 
lent. Also, the Ni anode 4 is attached to the center of the 
lid 11 . The pair of long-and-short level probes 8, 9 are 
attached to the anode chamber 5 and the cathode 

55 chamber 7, respectively. Further, the thermocouple 10 
for temperature regulation of the electrolytic bath 3 is 
attached to the cathode chamber. Powdered acid potas- 
sium fluoride (KF • HF) which turns into the electrolytic 
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bath by heating and nnelting is filled in the electrolytic 
cell. Then, after a seal material is sandwiched between 
the upper lid 1 1 and the electrolytic cell 2, the electrolytic 
cell 2 is sealed off by the upper lid 11 via the threaded 
engagement. Then, with the HF supply line heated to 
about 40*^0, a prescribed amount of hydrogen fluoride 
anhydride gas is bubbled in the previously filled KF • HF 
from the HF feed port 26, to obtain the melted KF • 2HF 
bath. Further, the heater 1 2 and the gas lines 50 includ- 
ing the heat insulating material and pressurization or de- 
pressurization means are disposed in place and accom- 
modated in the cabinet 1 . As the electrolysis proceeds, 
the raw material of HF decreases. There are two HF 
feeding ways: a batch feeding type and a continuous 
feeding type. Industrially, the latter type is mainly adopt- 
ed. In the batch feeding type, reduction of weight of the 
electrolytic bath 3 is detected and the HF is re-supplled 
by the extent corresponding to that reduction. On the 
otherhand, in the continuous feeding type, the liquid lev- 
el drop resulting from the HF temperature drop of the 
electrolytic bath 3 Is detected by a liquid level probe, not 
shown, attached to the cathode chamber 7 and then a 
solenoid vatve, not shown, (which does not detect liquid 
level fluctuation of the cathode chamber 7 resulting from 
pressure fluctuation) attached to the HF supply line is 
opened to automatically supply the HF from the upper 
lid 11 . As a result of this, the liquid level of the electrolytic 
bath 3 gradually rises, and when the liquid level probe 
contacts with the gradually rising liquid level of the elec- 
trolytic bath, it sends out signals under which the sole- 
noid vaive is automatically closed, in the continuous 
feeding, this process Is repeatedly perfomned. The liquid 
level probe, not shown, placed in the cathode chamber 
7 is electrically independent of the liquid level probe 9 
placed in the cathode chamber 7 and is so constructed 
that when the differential pressure fluctuation is caused, 
particularly even when the hydrogen gas pressure In the 
cathode chamber 7 increases, as shown In FIG. 6, it can 
work to halt the power source 13 and simultaneously 
close the solenoid valves of the HF supply line to halt 
the HF supply. 

[0063] The interior of the electrolytic cell 2 is heated 
to approximately 90°C by the heater 12, with the result 
that the KF • 2HF bath is melted so that it can be elec- 
trolyzed. The fluorine gas and the hydrogen gas pro- 
duced by the electrolysis fill in the anode chamber 5 and 
the cathode chamber 7, then these gases being dis- 
charged from the gas generation ports 1 6, 1 4 by the gas 
introduced via the pressure keeping means 50 in such 
a fashion as to be extruded therefrom. The fluorine gas 
discharged from the anode chamber 5 passes through 
the blank tower 23, the absorption tower 24 and the filter 
tower 25 to eliminate the particles from the fluorine gas 
and then are supplied to the pressurization or depres- 
surization system in the form of high purity fluorine gas. 
[0064] During this process, the liquid levels of the 
electrolytic bath 3 in the anode chamber 5 and the cath- 
ode chamber 7 are detected by the level probes 8, 9. 



When the abnormal liquid level is detected, the solenoid 
valves 51, 52, 53, 54, 55, 56, 57, 58 are opened or 
closed accordingly, to control the liquid level In the elec- 
trolytic cell 2 so that it can be always within a certain 

5 level, as mentioned above. This can pennit the stable 
electrolysis to proceed continuously, thus enabling the 
high purity fluorine gas to be supplied stably 
[0065] Referring now to FIGS. 7 and 8, reference will 
be made to another embodiment of the fluorine gas gen- 

10 erating apparatus according to the present invention. 
Like reference characters are labeled to the correspond- 
ing parts to those in FIGS. 1 to 6 and detailed description 
thereon is omitted. 

[0066] An electrolytic cell 72 used in a fluorine gas 

15 generating apparatus according to this embodiment Is 
fomned in a rectangular cylindrical shape from f luoropol- 
ymer, such as polytetrafluoroethylene resin, having cor- 
rosion resistance against fluorine gas and heat resist- 
ance fully endurable against the temperature of 70-90°G 

20 in the electrolysis. At least one side of the electrolytic 
cell 72 is formed of any of tetrafluoroethylene/perfluor- 
oalkyl vinyl ether copolymer, trimethylpentene resin and 
equivalent. The electrolytic cell 72 is formed by hollow- 
ing a fluoropolymer block so as to have the illustrated 

25 configuration of the electrolytic cell 72 having a handle 
73 and a partition wall 76 and containing the electrolytic 
bath 3, as shown in FIG. 7. The electrolytic cell is inte- 
grally formed into the configuration as shown in FIG. 7. 
Preferably, the electrolytic cell 72 has the configuration 
. 30 In which an opening is formed at the least one side sur- 
face. A transparent resin plate 75 of tetraf luoroethylene/ 
perfluoroalkyi vinyl ether copolymer, trimethylpentene 
resin and equivalent is secured to the opening by 
threaded engagement of screws with a number of 

55 threaded holes formed in the opening, so as to hennet- 
ically seal up the electrolytic cell 72. As a result of this, 
a visual inspection of the Interior of the electrolytic cell 
72 can be made. For Improvement in hermetlcal seal, it 
Is preferable that a seal material of fluoropolymer is 

40 sandwiched between the body of the electrolytic cell 72 
and the plate 75. Additionally, a metal frame of stainless 
steel and the like corresponding in size to the plate 75 
of the transparent resin comprising tetrafluoroethylene/ 
perfluoroalkyi vinyl ether copolymer, trimethylpentene 

45 resin and equivalent is put on the seal material and then 
is screwed from the above. This can provide improved 
hermitical seal between the electrolytic cell 72 and the 
plate 75 of the transparent resin comprising tetrafluor- 
oethylene/perfluoroalkyl vinyl ether copolymer, trimeth- 

50 yipentene resin and equivalent abutted with the side of 
the electrolytic cell 72. Also, as a result of a part of the 
side walls of electrolytic cell 72 being freely opened and 
closed, replacementof the electrodes 4, 6 and the mixed 
molten salt that turns into the electrolytic bath 3 can be 

55 facilitated. 

[0067] The electrolytic cell 72 is separated into the an- 
ode chamber 5 and the cathode chamber 7 by a partition 
wall 76 comprising the same resin as the electrolytic cell 
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72, and the electrodes comprising Nl are disposed in 
those chambers as the anode 4 and the cathode 6. re- 
spectively. The electrolytic cell 72 is provided, on its top 
surface, with the inlet and outlet ports 15, 17 for the 
purge gas from the pressure keeping means 50 via 
which the interior of the anode chamber 5 and the inte- 
rior of the cathode chamber 1 7 are pressurized, the gen- 
eration port 16 for the fluorine gas generated from the 
anode chamber 5, and the generation port 14 for the 
hydrogen gas generated from the cathode chamber 7. 
The electrolytic cell 72 is provided with the temperature 
control means for heating the interior of the electrolytic 
cell 72. The temperature control means comprises the 
heater 12 provided around the body of the electrolytic 
eel! 72 so as to be in close contact with it, a temperature 
control (not shown) to make a general PID control which 
is connected to the heater 1 2, and the thermocouple 1 0 
disposed in the cathode chamber 7. The temperature 
control means serves to make a temperature control of 
the interior of the electrolytic cell 2. The heat insulating 
material 77 is provided around the heater 1 2. The heater 
12 may take any fomn, including a ribbon type one and 
a heating element, and no particular limitation is im- 
posed on thefomri of the heater 12. Preferably, the heat- 
er has, for example, a box-like form as shown in FIG. 8. 
This pemnits the electrolytic cell 72 to be housed in the 
box-like heater, and as such can permit precise temper- 
ature regulation of the interior of the electrolytic cell 72. 
[0068] In the fluorine gas generating apparatus ac- 
cording to this embodiment, Ni is used for both of the 
anode 4 and the cathode 6. The use of Ni for the anode 
4 can prevent the production of CF4 by reaction with car- 
bon and fluorine gas, and as such can permit the pro- 
duction of high purity fluorine gas. In addition, this can 
also prevent the emergence of the anode effect that Is 
a polarization phenomenon that is typical of the carbon 
electrode. Further, the use of NI for the cathode 6 can 
permit the surface energy to be reduced by hydride and 
oxide generated on the surface of Ni, as compared with 
the iron cathode. This permits the bubbles of the hydro- 
gen gas generated to become so large that the mixture 
with the fluorine gas can be prevented. Further, when 
the anode 4 and the cathode 6 take, for example, a 
bored electrode form or an expanded metal electrode 
form, the mixture of the fluorine gas and the hydrogen 
gas can be suppressed further. This can permit the dis- 
tance between the anode and the cathode to be re- 
duced, and as such can permit the electrolytic cell to be 
reduced in size. 

[0069] In the fluorine gas generating apparatus ac- 
cording to this embodiment, the electrolytic cell 72 is 
fomned by hollowing a fluoropolymer block so as to have 
the illustrated configuration of the electrolytic cell 72, 
first. The electrolytic cell 72 thus formed has the handle 
73 and the electrolytic cell 72 having an opening at one 
side surface thereof and having the partition wall 76 at 
around a center portion thereof to separate the interior 
of the electrolytic cell 72 into two spaces, as shown in 



FIG. 7. Then, the gas generation ports 14, 16 and the 
purge gas inlet and outlet ports 15. 17 are provided in 
the top portion of the electrolytic cell 72, and the Ni an- 
ode 4 and the Ni cathode 6 are attached to the top por- 

5 tion of the electrolytic cell 72. Also, a pair of long-and- 
short level probes 8, 9 to detect the liquid level of the 
electrolytic bath are attached to the chambers 5, 7, re- 
spectively. Then, the powdered KF • HF are filled in the 
electrolytic cell 72. Then, a number of threaded holes 

10 74 are formed in the side surface at the opening. There- 
after, the transparent resin plate 75 of tetraf luoroethyl- 
ene/perfluoroalkyl vinyl ether copolymer, trimethylpen- 
tene resin andequivalentisthreadedly engagedwiththe 
opening, with the seal material sandwiched therebe- 

15 tween. Further, the themnocouple 10 for temperature 
regulation of the electrolytic bath 3 is attached to the 
cathode chamber 7. Thereafter, a prescribed amount of 
hydrogen fluoride anhydride is bubbled to prepare the 
electrolytic bath 3. Then, the heater 12, the heat insu- 

20 lating material 77 and the gas lines such as the pressure 
keeping means 50 are disposed in place and accommo- 
dated in the cabinet. 

[0070] Then, the interior of the electrolytic cell 72 is 
heated to approximately 90*'C by the heater 1 2, with the 

25 result that the KF • 2HF mixed salt is melted so that it 
can be electrolyzed. The fluorine gas and the hydrogen 
gas produced by the electrolysis fill in the anode cham- 
ber 5 and the cathode chamber 7, then these gases be- 
ing discharged from the gas generation ports 16, 14 by 

30 the gas introduced via the pressure keeping means 50 
in such a fashion as to be extruded therefrom. After 
passing through the blank tower 23, the absorption tow- 
er 24 and the filter tower 25, the fluorine gas discharged 
from the anode chamber 5 is supplied in the form of high 

35 purity fluorine gas with the particles eliminated there-, 
from. 

[0071] During this process, the liquid levels of the 
electrolytic bath 3 in the anode chamber 5 and the cath- 
ode chamber 7 are detected by the level probes 8, 9. 

40 When the abnomrial liquid level is detected, the solenoid 
valves 51 , 52, 53, 54, 55, 56, 57, 58 are opened or 
closed accordingly, to control the liquid level in the elec- 
trolytic cell 72 so that it can be always within a certain 
• level, as mentioned above. This can pemnit the stable 

45 electrolysis to proceed continuously, thus enabling the 
high purity fluorine gas to be supplied stably. 
[0072] When the electrolytic bath 3 is electrolyzed for 
a long time, it is gradually suspended due to nickel flu- 
oride (NiF2) of the sludge generated at the electrolysis. 

50 This suspension can be visually inspected from the 
transparent plate 75 of the electrolytic cell 72. As accu- 
. mulation of NiFg increases, resistance of the electrolyte 
bath 3 increases and it gradually becomes hard to pro- 
ceed with the electrolysis. At that time, replacement of 

55 the electrolytic bath 3 is made. Also, when the Ni elec- 
trode is considerably consumed, the replacement of the 
electrode is made. 

[0073] The high purity fluorine gas thus generated is 
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trolytic cell which is separated Into an anode cham- 
ber and a cathode chamber by a partition wall, pres- 
sure keeping means for supplying gas to the anode 
chamber and the cathode chamber, respectively, to 

5 keep an interior of the anode chamber and an inte- 
rior of the cathode chamber at a certain pressure, 
a cabinet in which the electrolytic cell is contained 
and which can provide a controlled atmosphere, 
and a filter, contained in the cabinet, for filtering out 

10 particles in the fluorine gas generated from the elec- 
trolytic cell. 

3. The fluorine gas generating apparatus according to 
Claim 1 , wherein at least one of the anode chamber 
f5 and the cathode chamber of the electrolytic cell Is 
provided with liquid level detecting means for de- 
tecting an upper level and a lower level of liquid level 
fluctuation of the molten-salt. 

20 4. The fluorine gas generating apparatus according to 
Claim 1 , wherein the pressure keeping means is 
provided with a solenoid valve that Is opened and 
closed based on detection results of the liquid level 
detecting mean, provided in at least one of the an- 

25 ode chamber and the cathode chamber of the elec- 
trolytic cell, for detecting an upper level and a lower 
level of liquid level fluctuation of the molten-salt, so 
as to supply or discharge the gas to and from the 
interior of the anode chamber and the interior of the 

30 cathode chamber. 

5. The fluorine gas generating apparatus according to 
Claim 1 , wherein the mixed molten-salt comprising 
the hydrogen fluoride is KF-HF systems and there 

35 is provided temperature control means for adjusting 
temperature of the mixed molten-salt containing the 
hydrogen fluoride. 

6. The fluorine gas generating apparatus according to 
40 Claim 1 , wherein the gas supplied by the pressure 

keeping means is a noble gas. 

7. The fluorine gas generating apparatus according to 
Claim 1 , wherein an anode and a cathode disposed 

45 in the anode chamber and the cathode chamber re- 
spectively are formed of nickel. 

8. The fluorine gas generating apparatus according to 
Claim 1 , wherein the electrolytic cell is fonned of 

50 metal. 



controlled in pressure via the pressurization line 40 or 
the depressurization line 31 located downstream In the 
same manner as in FIG . 1 , as shown in FIG. 7, and then 
is stored in the buffer tank 36 and the like. This enables 
a required amount of fluorine gas to be supplied from 
the supply ports 38, 49 as needed, and as such can al- 
low the fluorine gas generating apparatus to be set in 
the semiconductor factory and the like on an on-site ba- 
sis. This can permit the fluorine gas to be easily used 
for the cleaning of the semiconductor products and the 
like. Also, since the fluorine gas generating apparatus 
according to the present invention is so small in scale 
that it can be used on an on-site basis, the installation 
site and location is not limited. Accordingly, the appara- 
tus of the present invention can be used for surface 
treatments ol various types of materials as well as for 
production processes of semiconductors. For example, 
the apparatus of the present invention can be applied to 
surface Ireatmcnls of paper and textiles which are to be 
modified so as to piovide water repellent property and 
hydrophilic property for them. 

Capability of Exploitation in Industry 

[0074] The gas generating apparatus of the present 
invention can produce high purity fluorine gas stably. Al- 
so, the gas generating apparatus of the present inven- 
tion can prevent leakage of electrolytic bath or solution 
from the electrolytic cell. Also, it can prevent leakage of 
fluorine gas produced. Further, since the gas generating 
apparatus of the present invention can provide the flu- 
orine gas generating apparatus on an on-site basis, the 
need for the storage of the dangerous gas cylinder of 
fluorine gas can be eliminated, differently from the prior 
art. In view of these, the gas generating apparatus of 
the present invention can be used for surface treatments 
of various types of materials as well as for production 
fields of semiconductors. 



Claims 

1 . A fluorine gas generating apparatus for generating 
fluorine gas of high purity by electrolysis of a mixed 
molten-salt comprising hydrogen fluoride, the fluo- 
rine gas generating apparatus comprising an elec- 
trolytic cell which is separated into an anode charrr- 
ber and a cathode chamber by a partition wall, and 
pressure keeping means for supplying gas to the 
anode chamber and the cathode chamber, respec- 
tively, to keep an interior of the anode chamber and 
an interior of the cathode chamber at a certain pres- 
sure. 

2. A fluorine gas generating apparatus for generating 
fluorine gas of high purity by electrolysis of a mixed 
molten-salt comprising hydrogen fluoride, the fluo- 
rine gas generating apparatus comprising an elec- 



9. The fluorine gas generating apparatus according to 
Claim 1 , wherein the electrolytic cell Is cylindrical in 
shape. 

55 

10. The fluorine gas generating apparatus according to 
Claim 1 , wherein the electrolytic cell is formed of 
metal and serves as a cathode. 
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1 1 . The fluorine gas generating apparatus according to 
Claim 1 , wherein the electrolytic cell is formed of 
metal; formed in a cylindrical shape; and serves as 
the cathode. 

12. The fluorine gas generating apparatus according to 
Claim 1 , wherein the electrolytic cell is formed of a 
resin having corrosion resistance against the fluo- 
rine gas. 

13. The fluorine gas generating apparatus according to 
Claim 1 , wherein the electrolytic cell is formed of a 
resin having corrosion resistance against the fluo- 
rine gas and is formed In a rectangular cylindrical 
shape. 

14. The fluorine gas generating apparatus according to 
Claim 1 , wherein the electrolytic cell is formed of a 
resin having corrosion resistance against the fluo- 
rine gas and is formed in a rectangular cylindrical 
shape, and at least one side surface of the electro- 
lytic cell is threadedly engaged with the electrolytic 
cell so as to be freely opened and closed. 

15. The fluorine gas generating apparatus according to 
Claim 1 , wherein the electrolytic cell is formed of a 
resin having corrosion resistance against the fluo- 
rine gas and is formed in a rectangular cylindrical 
shape, and at least one side surface of the electro- 
lytic cell is formed of a transparent resin and the re- 
maining side surfaces are fomned of fluoropolymer. 

16. The fluorine gas generating apparatus according to 
Claim 2, wherein at least one of the anode chamber 
and the cathode chamber of the electrolytic cell is 
provided with liquid level detecting means for de- 
tecting an upper level and a lower level of liquid level 
fluctuation of the molten-salt. 

17. The fluorine gas generating apparatus according to 
Claim 2, wherein the pressure keeping means is 
provided with a solenoid valve that is opened and 
closed based on detected results of the liquid level 
detecting mean, provided In at least one of the an- 
ode chamber and the cathode chamber of the elec- 
trolytic cell, for detecting an upper level and a lower 
level of liquid level fluctuation of the molten-salt, so 
as to supply or discharge the gas to and from the 
Interior of the anode chamber and the interior of the 
cathode chamber 

18. The fluorine gas generating apparatus according to 
Claim 2, wherein the mixed molten-salt comprising 
the hydrogen fluoride is KF-HF systems and there 
is provided temperature control means for adjusting 
temperature of the mixed molten-salt containing the 
hydrogen fluoride. 



1 9. The fluorine gas generating apparatus according to 
Claim 2, wherein the gas supplied by the pressure 
keeping means is a noble gas. 

5 20. The fluorine gas generating apparatus according to 
Claim 2, wherein an anode and a cathode disposed 
in the anode chamber and the cathode chamber re- 
spectively are formed of nickel. 

10 21 . The fluorine gas generating apparatus according to 
Claim 2, wherein the electrolytic cell Is formed of 
metal. 

22. The fluorine gas generating apparatus according to 
15 Claim 2, wherein the electrolytic cell Is cylindrical in 

shape. 

23. The fluorine gas generating apparatus according to 
Claim 2, wherein the electrolytic cell Is formed of 

20 metal and serves as a cathode. 

24. The fluorine gas generating apparatus according to 
Claim 2, wherein the electrolytic cell is formed of 
metal; formed In a cylindrical shape; and serves as 

25 the cathode. 

25. The fluorine gas generating apparatus according to 
Claim 2, wherein the electrolytic cell is fomned of a 
resin having corrosion resistance against the fluo- 

30 rine gas. 

26. The fluorine gas generating apparatus according to 
Claim 2, wherein the electrolytic cell is formed of a 
resin having corrosion resistance against the fluo- 

35 line gas and is fomned in a rectangular cylindrical 

shape. 

27. The fluorine gas generating apparatus according to 
Claim 2, wherein the electrolytic cell Is formed of a 

40 resin having corrosion resistance against the fluo- 
rine gas and is formed in a rectangular cylindrical 
shape, and at least one side surface of the electro- 
lytic cell is threadedly engaged with the electrolytic 
cell so as to be freely opened and closed. 

45 

28. The fluorine gas generating apparatus according to 
Claim 2, wherein the electrolytic cell is formed of a 
resin having corrosion resistance against the fluo- 
rine gas and is formed in a rectangular cylindrical 

so shape, and at least one side surface of the electro- 
lytic cell is formed of a transparent resin and the re- 
maining side surfaces are formed of fluoropolymer. 

29. The fluorine gas generating apparatus according to 
55 Claim 2, having a gas line, the gas line comprising 

the gas passing through the filter is pressured or 
de-pressured, and there are provided a pressuriza- 
tion apparatus or a depressurization apparatus and 
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storage means in the gas line. 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 



12 




NSCy^'n: <EP 19*?32flOAi .1 > 



13 



EP 1 283 280 A1 




14 




15 




16 




17 




EP 1 283 280 A1 




18 

3NS0OCID:<EP l^>«ao80A1 I > 




20 



EP 1 283 280 A1 



208 




204 



204 



202 



203 212 



21 



EP 1 283 280 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JPOl/02976 



A. CLASSIFICATION OF SUBJECT MATTER 

Int.Cl' C25B 1/24, 15/02, 11/02, 11/08 



According to Intemattonal Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI'' ^ C2SBl/00-lS/0a 



Documentation searched other than nunimum documentation to the ociem that such documents are included in the fields searched 
Jiteuyo Shinan Kdho 1926-1996 Toroku Jitsuyo Shanan Koho 1994-2001 

Kokai Jitsuyo Shinan Koho 1971-2001 Jitauyo Shinan Toroku Kbho 1996-2001 



Electronic data base consulted during the International search (name of data l»se and, where practicable^ search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category^ 



Citation of document, with indicatioa, where appropriate, of the relevant passages 



JP, 02-232386« A (Mitsui Toatsu Chemicals Inc.), 
14 September, 1990 (14. 09. 90), 
Pull text (Family: none) 

jp, 56-12 7781, A (Agency of Industrial Science and 
Technology) , 

06 October, 1981 (06.10.81), 
Full te3«t (Family; none) 

JP, 2000-313981, A (Toyo Tanso K-K.), 
14 Hovenber, 2000 (14,11.00), 
Full text {Family? none) 

JP, 06-88267, A (HiCsui Toatsu Chem. Inc.), 
29 March, 1994 (29.03.94) » 
Full text (Family: none) 



Relevant to claim No. 



X 

y 



1,6-10,12-15 
2-5,11,16-29 



1-29 



JP, 03-53090, A (Asahi Glass Co. 
07 March, 1991 (07.03.91), 
Full text (Family: none) 



Ltd.), 



1-29 



1-29 



1-29 



Further documents are listed in the continuation of Box C. See patent family annex. 



-A" 



^>cdal categories of cited documents: 

document deCsing the general stale of the art whicti is not 

considered to be of particular reJevance 

earlier document but published on or after the intemalional Hting 
date 

documctit whkh may throw doubts on priority ctainnCs) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

docunwot refeirtns to an oral disdosote, use, exhibition or other 



"P^ documeni published prior v> the imenutional aung date but later 
iban the priority ctate ciaimcd 



**T" later document p^Hshed after tiie imenutttonal filing dade or 
pcioriiy dale and not in conflict with the qpphcaiion but cited to 
undbistand the principle or theory underlying die invendoa 

''XT document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y* docuRieot of paniculaj relevance; the claimed inventian cannot be 
considered to involve an inventive step when Ihe dacuncnl is 
combintd with one or more other such docuraenis. such 
cotnbinatton being obvious to a person sitttled in (he an 

"A" document member of the same patent iamily 



Date of maiUng of the intemanonal search report 
10 July, 2001 (10.07.01) 



Dale of tbe actual completion of the international search 
2S June, 2001 (26.06.01) 



Name and maaiing address of the ISA/ 

Japanese Patent Office 

Facsimile Mo. 



Authori2ed officer 



Telephone No. 



Form PCTASA/210 (second sheet) (July 1992) 



22 



• 



EP 1 283 280 A1 



INTERNATIONAL SEARCH REPORT 



bitcmaiional application No. 

pcT/apoi/oasTe 



Categoiy* 


Citation of document, with indicotion, where spprophate, of the icUvonl passages 


Relevont to claim No. 


Y 


Jp, 63-130789, A (Mitoui Toatcu Chem. Inc.)/ 


1-29 




02 June, 1988 (02.06.88). 






Pull text (Family: none) 




A 


Jp, 09-176885, A (Shinko Pantec Co., Ltd.), 


1-29 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



jp, 09-143779, A (ShinKo Pancec Co., Led.), 
03 June, 1997 (03.06.97J (Family: none) 



1-29 



Fonxi PCTASA/210 (continuation of second sheet) (July 1992) 



23 



MPPOCID. <EP 1?839«"fti 1 > 



m ■ # 

v' 



THIS PAGE BMWKjuswo! 



